Antibodies directed against antigens of the asexual blood stages of Plasmodiumfalciparum were studied in the plasma of 29 individuals infected with P. falciparum and living in two areas of Madagascar. These plasma samples were investigated by four immunological methods: indirect fluorescence, immunoprecipitation of radiolabeled P. falciparum polypeptides, inhibition of the in vitro growth of P. falciparum, and double diffusion in a gelose plate. A multifactorial correspondence analysis of the results obtained for each sample revealed that the nature of several of the antibodies varied according to the age and place of residence of the subjects. In comparison with plasma samples from older individuals, specimens from young children had a higher immunofluorescence titer, immunoprecipitated several additional peptides (90, 110, and 118 kilodaltons), revealed more precipitation lines in the Ouchterlony plate technique, and did not inhibit the in vitro growth of P. falciparum to the same extent. Furthermore, as opposed to plasma samples from individuals living in the high central plateau, plasma samples from individuals living on the east coast of the island inhibited the penetration of erythrocytes by merozoites of one of the two studied P. falciparum strains and preferentially immunoprecipitated low-, rather than high-, molecular-weight peptides.
One of the main characteristics of malaria parasites is their antigenic complexity. Unlike sporozoites, the asexual erythrocytic stages express a great number of different antigens (13) , several of which have been identified and whose respective roles in inducing an immune response to the parasites remain to be determined. To develop a vaccine against the asexual forms of Plasmodium falciparum, the selected antigen must be immunogenic and induce protection, but it must also be common to all P. falciparum strains.
In a previous study, we showed that immunoprecipitable antimalarial antibodies in the plasma of P. falciparuminfected individuals from Madagascar varied according to the region where they lived (3) . This study is complemented by the present work, in which antimalarial antibodies were analyzed by four techniques: indirect immunofluorescence, immunoprecipitation of radiolabeled plasmodial polypeptides, inhibition of P. falciparum in vitro cultures, and double diffusion in a gelose plate. Data corresponding to each plasma sample were processed by multifactorial correspondence analysis (MCA).
MATERIALS AND METHODS
Subjects. Twenty-nine individuals who were 3 to 43 years old and had P. falciparum parasitemia (4) were bled by venipuncture into a VACUTAINER tube containing citrate and glucose before any treatment. Nineteen of the subjects were living on the east coast of Madagascar (Manakara and Foulpointe), a hyperendemic region for malaria with yearround transmission. Ten subjects were living in Ankazobe on the high central plateau, a mesoendemic area with a * Corresponding author. 6 -month transmission season (J. A. Ramanamirija, personal communication). The blood samples were centrifuged, and the plasma was separated and kept at 4°C for about 1 week and then was kept at -20°C.
Parasites. FCM22, a P. falciparum strain derived from a Madagascar isolate, was used throughout this study. In addition, FCM6, derived from a Thailand isolate, was used for the in vitro culture inhibition experiment. These two strains were maintained in continuous culture in vitro for about 1 year by the technique of Trager and Jensen (16 (8) . After dialysis, the plasma samples were diluted in 9 Each subject could be represented as a point in a multidimensional space, of which one dimension was allocated for each variable included in the study. Within this space, subjects were scattered as a cloud of points, which was difficult to visualize except by projection on planes. It was possible by MCA to determine the few planes (the so-called factorial planes) on which the projection of these points would provide a satisfactory image of the subject's cloud structure while minimizing information losses. Similarly, the set of measured parameters could be represented as a cloud of points in a multidimensional space, of which one dimension was allocated for each studied subject. A satisfactory image of this parameter cloud could also be obtained on the factorial planes; the Benzecri x2 metrics (1) made it possible by measuring distances both in the parameter space and in the subject space.
The methodology of MCA was based on the research of a reduced reference system generated by new axes (principal axes) obtained by a rotation of the original coordinate system into an orientation corresponding to the directions of maximum variance. The weighted variance of coordinates was the eigenvalue X of each axis. The axes were deemed to be ordered by their eigenvalues. The two factorial axes F1 and F2 associated with the greatest eigenvalues were used to represent a projection of the set of modality points on a factorial plane (F1, F2) . The units of those axes were arbitrary and, in those units, the standard error of the coordinates was equal to the square root of the eigenvalue. The points for which the coordinates were at more than 2.3 standard errors from the center were replaced within the limit of the graph. On the same factorial plane (F1, F2) was represented the projection of the subject points, identified by origin and age. The closeness between certain subjects and certain parameters indicated the tendency for those subjects to assume a definite immunogenic profile. Indeed, a given subject was close to the parameters to which he had the highest degree of association (Fig. 2) and vice versa.
Additional analyses were carried out by using the chisquare test with and without the Yates correction for continuity. Significance was considered to be P c 0.05. Manakara-Foulpointe could be opposed to opposite results at Ankazobe. In the factorial plane, axis 2 reflected the difference between the ages of the individuals. Plasma samples from children aged 12 years and under had an immunofluorescence titer of 1:1,024 and did not significantly inhibit the intraerythrocytic maturation of strain FCM6 or the penetration of erythrocytes by merozoites of strain FCM22. These plasma samples immunoprecipitated peptides with apparent molecular masses of 90, 110, and 118 kilodaltons and recognized lines A, C, and C' when tested by double diffusion in a gelose plate. These results could also be opposed to opposite results for adult plasma.
RESULTS
In this study, adolescents and adults can be supposed to have been exposed to P. falciparum infestation for a longer time and consequently to have developed a higher level of protective immunity than children under 12 years old. For this reason, the higher titer of antibodies revealed by indirect immunofluorescence and the higher rate of precipitation of antigens, particularly S antigens, revealed by the Ouchterlony plate technique for the sera from children are surprising. However, these results could be related to a more recent infection at a higher grade or for a longer duration in children than in adults, in whom the intensity of antigenic stimulation is probably reduced by their immune status.
Protective immunity has been reported to be related to the ability of plasma to inhibit intraerythrocytic growth of the parasite (9, 14) and merozoite penetration into erythrocytes (2, 9, 18) . However, the former relationship was found only with Thailand strain FCM6, and the latter relationship was found only with Madagascar strain FCM22, demonstrating the strain specificity of these inhibitory effects previously reported by others (9, 17) . This specificity limits the application of this method in determining the level of premunition against malaria.
The combined use of different techniques demonstrated immunological differences in the plasma samples of individuals exposed to malarial infestations in various areas of Madagascar. We previously reported that plasma samples from Manakara-Foulpointe preferentially immunoprecipitated low-molecular-weight peptides and that plasma samples from Ankazobe preferentially immunoprecipitated highmolecular-weight peptides (3). Another difference was the ability of plasma samples from Manakara-Foulpointe and not of those from Ankazobe to inhibit the penetration of erythrocytes by merozoites of strain FCM6. The differences in anti-P. falciparum antibodies between these two distinct regions of Madagascar might be related to a variable antigenic stimulation, which is reflected in the wide diversity of P. falciparum strains in different areas of the island. Although it is not possible to determine the role of these antigenic variations in antimalarial protective immunity, to be effective in all geographic regions a future vaccine must take these antigenic variations into account and act on a common antigen.
